Introduction {#sec1-1}
============

Fine needle aspiration cytology (FNAC) is an accurate, low cost, and a rapid diagnostic test. However, the speed of turnaround of test results varies among different institutions and in different clinical situations. The speed of reporting of FNAC can be improved by rapid assessment of smears or on-site cytopathology. Quick diagnosis of FNAC plays an important role in efficient medical practice. In an outpatient setting, a quick report of aspiration cytology allows the clinician to discuss further lines of action or management options with the patient during the very first visit, which is of great benefit for both the physician and the patient.\[[@ref1][@ref2][@ref3][@ref4]\]

Papanicolaou (PAP) staining was first described by Papanicolaou in 1943 and widely used as a screening test despite being time consuming and requiring a large amount of alcohol.\[[@ref5]\] The need for minimal turnaround time for assessing fine needle aspiration (FNA) smears has encouraged innovations in staining techniques that require lesser staining time with unequivocal cell morphology.\[[@ref6]\] The May Grunwald and Giemsa (MGG) stain, Diff Quik stain, and toluidine blue stain have been used traditionally for the rapid assessment of FNAC smears. However, many cytopathologists prefer the traditional, transparent crisp nuclear features offered by wet fixed smears stained by conventional PAP stain, to the opacity of nuclei resulting from air dried smears stained by Romanowsky stains.\[[@ref1][@ref7][@ref8]\] PAP stain has undergone various modifications in different laboratories. The original modifications of PAP stain (1943) were published by Dr. Papanicolaou in 1954 and 1960.\[[@ref9][@ref10]\] The modified Papanicolaou method was intended to reduce the staining time and the cost of staining without compromising the quality or the cytodiagnosis of the smear.\[[@ref11]\]

Ultrafast Papanicolaou (UFP) stain was introduced by Yang and Alvarez in 1995.\[[@ref12]\] Kamal *et al*.\[[@ref6]\] modified this technique (replaced Richard-Allan Hematoxylin with Gill\'s Hematoxylin) because not all reagents used in UFP are readily available.\[[@ref6][@ref12][@ref13]\] UFP stain is a hybrid of air dried Romanowsky preparation and wet fixed PAP preparation. It incorporates principles of air drying of cells, followed by rehydration in normal saline and fixation in alcoholic formalin. Air drying is to make the cells appear larger and thus increase the resolution for analysing cellular details. Normal saline is to rehydrate the cells so that transparency is regained in addition to the hemolysis of the background blood, and alcoholic formalin (pH 5) is to bring out the vibrant colours in the cells and the nucleoli, which stains red. All this is achieved in just 90 seconds. The entire procedure is fast enough to permit immediate microscopic assessment of the fine needle aspiration material. The only limitation of UFP stain, which was originally described by Yang and Alvarez, is that the staining solutions are commercial preparations. The Richard-Allan hematoxyllin and cytostain used by them are manufactured by Richard-Allan, Inc. (Richland, Michigan, USA) and are therefore not available universally.\[[@ref7]\] In MUFP, Gill\'s hematoxylin, modified EA, and isopropyl alcohol were used instead of Richard-Allan hematoxylin, Richard-Allan cytostain, and 95% ethyl alcohol, respectively. In the present study, Harris hematoxylin which is readily available replaced Gill\'s hematoxylin.

The objective of this prospective study was to compare and assess the quality of MUFP in fine needle aspiration smears of head and neck swellings with routine PAP stain, H and E, and Giemsa stain, as well as to assess the alternative use of Harris hematoxylin in place of Gill\'s hematoxylin.

Materials and Methods {#sec1-2}
=====================

This prospective study was conducted among 40 patients with head and neck swellings in the cytopathology laboratory after obtaining ethical clearance from the ethical committee and patients consent. Fine needle aspiration was carried out from head and neck swellings of the patients referred from different clinical departments for diagnostic purpose. The FNAC of patients with thyroid (17), lymph nodes (16), salivary glands (4), and others (palatal 2, neck 1) were collected along with clinical details. The FNAC procedure was performed by standard method. Four smears were made on clean glass slides, two were fixed in 95% propanol for 15 minutes, and then stained with PAP and H and E stain, respectively. Two smears were air dried, one was stained by Giemsa and one was rehydrated with normal saline for 30 seconds and fixed in alcoholic formalin for 10 seconds and stained by MUFP stain.

Stain preparation {#sec2-1}
-----------------

Stain preparation was done according to Choudary *et al*.\[[@ref12]\] which included alcoholic formalin \[40% formalin (300 mL) + Isopropyl alcohol (2053 mL) + Distilled water (647 mL) = 3000 ml\]. EA-36: \[(Modified with omission of Orange- G) -- Light green SF (450 mL) + Eosin yellow (450 mL) + Bismarck brown (100 mL) + Phosphotungstic acid (2 g) + Saturated aqueous lithium carbonate 10 drops\], and Harris hematoxylin \[Hematoxylin crystals (1g) + Alcohol 95% (10mL) + Potassium/Ammonium alum (20 g) + Distilled water (200 mL) + Mercuric oxide (added at the end) 0.5 g\].

Staining procedure {#sec2-2}
------------------

Total staining procedure was carried out in 130 s, following the steps which included 6 slow dips under tap water, stained with Harris hematoxylin for 30 s, 6 slow dips under tap water, 6 dips in 95% Isopropyl alcohol, stained with EA-36 for 15 s, 6 dips in 95% isopropyl alcohol, 6 dips in 100% Isopropyl alcohol, 10 slow dips in xylene, and finally DPX Mounted with cover slip for examination.

In MUFP, Gill\'s hematoxylin, modified EA, and isopropyl alcohol were used instead of Richard-Allan hematoxylin, Richard-Allan cytostain and 95% ethyl alcohol, respectively. In the present study, Harris hematoxylin which is readily available, replaced Gill\'s hematoxylin. The quality of the stains (MUFP, PAP, H and E, Giemsa) were assessed by considering four parameters -- the background of smears, cell morphology, nuclear characteristics of the cells in the smear, and overall staining \[[Table 1](#T1){ref-type="table"}\]. Maximum score possible for a single case, taking into account all the four parameters was 10. The scores obtained for MUFP were compared with that of routine PAP, H and E, and Giemsa stain, and the data was subjected to statistical analysis and results discussed \[[Table 2](#T2){ref-type="table"}\].

###### 

Assessment of staining

![](JCytol-34-149-g001)

###### 

Comparison of MUFP with PAP, H and E, and Giemsa procedure with respect to staining pattern scores in head and neck swellings (thyroid, lymph node, salivary gland, and others) by Wilcoxon-matched pair test
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Results {#sec1-3}
=======

The quality of MUFP smears \[[Figure 1a](#F1){ref-type="fig"}\] was better when compared to routine PAP \[[Figure 1b](#F1){ref-type="fig"}\], H and E \[[Figure 2a](#F2){ref-type="fig"}\], and Giemsa \[[Figure 2b](#F2){ref-type="fig"}\] in FNAC of head and neck swellings and was statistically significant by Wilcoxon matched pair test with *P* \< 0.05 \[[Table 2](#T2){ref-type="table"}\]. The smears showed clean background, well-preserved cell morphology with transparent crisp nuclear features and overall good staining pattern. When a comparison of staining pattern was done on the swellings located in different regions, better MUFP staining was observed in thyroid swellings as compared with other swellings.

![(a) Clean background well preserved cell morphology, crisp nuclear characteristics, overall good staining pattern (MUFP stain ×40); (b) Hemorrhagic background well preserved cell morphology, crisp nuclear characteristics, moderately good overall staining pattern (Pap stain, ×40)](JCytol-34-149-g003){#F1}

![(a) Hemorrhagic background, moderately preserved cell morphology, crisp nuclear characteristics, moderately good overall staining pattern (H and E stain ×40); (b) Hemorrhagic background not preserved cell morphology, dull nuclear characteristics, and bad overall staining (Giemsa stain ×40)](JCytol-34-149-g004){#F2}

Discussion {#sec1-4}
==========

FNAC is an accurate, low cost, and a rapid diagnostic test. However, the speed of test results varies in different clinical situations and in different institutions. The speed of reporting of FNAC can be improved by rapid assessment of smears or on-site cytopathology.\[[@ref1][@ref7]\] Quick diagnosis of FNAC plays an important role in efficient medical practice. In an outpatient setting, a quick report of aspiration cytology allows the clinician to discuss further lines of action or management options with the patient at the very first visit, which is of significant benefit for both the physician and the patient.\[[@ref2][@ref3][@ref4]\] Routine PAP staining is a commonly employed cytological procedure in the diagnosis of smears as it yields a polychromatic, transparent staining reaction with crisp nuclear/cytological features.\[[@ref8]\] Since its inception, PAP stain remains the traditional and preferred stain. The different stains used for air dried smears such as May--Grunwald--Giemsa, Jenner--Giemsa, and Diff--quick fail to offer the transparency for the study of subtle nuclear features, as seen by the PAP stain. The traditional PAP stain involves wet fixation and subsequent staining, together requiring at least 30 min.\[[@ref12]\] Giemsa stain was primarily designed for the demonstration of malarial parasites. Later, it was used in histology due to its good quality staining of the chromatin and the nuclear membrane. It is a common Romanwsky stain used in cytology, it helps in studying the cell morphology in air dried smears.\[[@ref14]\] H and E stain is the most widely used histological stain, which is based on its comparative simplicity and ability to demonstrate clearly an enormous number of different tissue structures. Hematoxylin components stain the cell nuclei blue-black, with good intranuclear detail and the eosin stains cell cytoplasm and most connective tissue fibers in varying shades in intensities of pink, orange, and red. It is used as a rapid stain in cytology designed for frozen sections.\[[@ref15]\]

The rapid PAP stains were developed by Kline, Tao, and Sato with respective staining time of 4 min, 5 min, and 90 s. However, the quality of rapid stains is not as satisfactory as they show suboptimal cell morphology and require wet fixation.\[[@ref12]\] To overcome these problems, Yang and Alvarez developed UFP stain which is a hybrid of Romanowsky and conventional PAP stain to reduce the staining time to 90 s.\[[@ref1]\] Kamal *et al*. modified the UFP to overcome the problems of shortage of Richard-Allan Hematoxylin, Richard-Allan cytostain, and ethyl alcohol reagents in Indian set up. This method has a short staining time of 130 s.\[[@ref6]\] In the present study Kamal\'s MUFP staining method was used for evaluating the FNAC smears of various organs by replacing Gill\'s Hematoxylin with easily available Harris Hematoxylin and compared the results with those of routine PAP, H and E, and Giemsa staining. In the present study, there was statistical significant difference (*P* \< 0.05) comparing MUFP stain with routine PAP, H and E, and Giemsa in all the parameters. This was consistent with the study conducted by Shinde *et al*.,\[[@ref13]\] Kamal *et al*.\[[@ref7]\] and Choudary *et al*.\[[@ref12]\] It was further observed that in the thyroid swellings MUFP showed better staining pattern compared to other stains.

Conclusion {#sec1-5}
==========

MUFP stain in comparison to routine PAP, H and E, and Giemsa provides excellent and suitable alterative in cytological staining. Excellent morphological quality and lesser staining time is the need of the present hour. MUFP stain fulfils the requirements for the cytological staining in the study of various organs; it is quick, reliable, and can be done using reagents that are locally available and useful especially in India.
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